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Mining Exposure Scenario for Baseline Risk Assessments at the Rocky Flats Environmental Technology Site 

MI”G EXPOSURE SCENARIO FOR BASELINE RISK ASSESSMENTS 
AT THE ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 

The purpose of thts report is to present the cumnt m m g  operations at the Rocky Flats 
Envuonmental Technology Site (Rocky Flats) Included are both current and proposed pemutted 
m n g  locations m the buffer zone of Rocky Flats Previous geologcal and m n g  studles are 
reviewed to identify the areas of the site wluch contam potentially rmnable deposits of sand and 
gravel, the economc considerahons whch affect the viabihty of sand and gravel removal, and 
the operahonal considerahons supporting currently pemutted mmng operations Th~s report also 
presents the exposure scenanos currently bemg evaluated for Basehne Rsk Assessment (BRA) 
and recommends a Department of Energy (DOE) posihon on a regulatory request for 
considemon of an exposure scenano wluch considers sand and gravel mmng at Rocky Flats 
Parameters which would be used to calculate the potential lmpacts to a receptor under a sand and 
gravel mmng scenano are also mcluded 

1.0 MINING OPERATIONS AT ROCKY FLATS 

Pemtted rmmng of sand and gravel has been underway inside the western edge of the Rocky 
Flats buffer zone smce the early 1900s for both pnvate and public (e g The Jefferson County 
Mme) uses Smce 1990, Western Aggregates, Inc has operated a rmne and a processmg plant 
immediately adjacent to the rmne (see Figure 1) Currently pemtted reserves wlll be processed 
m 15 years with the plant in the current configurabon Recently, Western Aggregates, Inc 
submtted an applicahon for a p e m t  to rmne sand and gravel 111 two addlhonal DOE owned 
locabons (see Figure 2) These reserves potentmlly represent another 10 years of mung 
operabons The area to the south would be mmed first The area to the northeast whch extends 
onto the Nahonal Renewable Energy Laboratory (NREL) would be rmned 20 years from now 
under an agreement between Western Aggregates and NREL 

The owners of mneral nghts at Rocky Flats include Charlie McCay of Church Ranch Estates, 
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Lance Kdgrow of Coal Creek Canyon Stone, Union Pacific Ralroad, Harold Spicer, and the 
DOE 

In thelr currently pemtted mmng location (Figure l), Western Aggregates, Inc operates a 
mmng crew of five to SIX employees and a collocated processmg plant crew of 13 employees 
The m n g  crew is made up of two truck dnvers, one backhoe operator, one bulldozer operator 
and one reliever These crews typically operate 10 to 12 h o d d a y ,  one shftlday, 12 months per 
year Dunng wmter months, they may work less than eight houdday, dunng peak summer 
demand, they may work up to fourteen hourdday The pace of rmnmg is lmted  by the 
processmg plant throughput of 500 tonshour as well as product demand and ambient temperature 
Currently penrutted reserves are expected to last 15 years with the processmg plant m the current 
configur&on 

The sole target of m m g  operahons is sand and gravel extracaon and processing The 
capabihbes of the processing plant mclude crushmg, screenmg and washng (to remove clay) 
It is not currently planned to attempt to remove clay from the claystone whch surrounds the sand 
and gravel deposits 

2.0 SUMMARY OF PREVIOUS GEOLOGICAL AND MINING STUDIES 
RELEVANT TO ROCKY FLATS 

To further understand mmng operahons at Rocky Flats, h s  sechon summarizes previous m m g  
studies and sand and gravel perrmts at the site 

In response to regulations promulgated by the State of Colorado regarding the State Geologcal 
Survey, the Colorado Geologml Society comrmssioned a study of sand, gravel, and quarry 
aggregate resources m Colorado front range counties (Schwochow, et al , 1974) Thls document 
contsllns descnptions of the sand and gravel resources for Jefferson County and presented a map 
of sand and gravel resources of the county 

EG&G comrmssioned a study of the surficial geology of the Rocky Flats Plant and viciruty 
(Shroba and Carrara, 1994) l h s  is a prehrmnary document and presents a surficial geologic 
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map of the site (Figure 3) 

As part of the preparation of a workplan for background soils charactenzation at Rocky Flats 
(EG&G, 1994), EG&G presented a generalized map of soil maps at Rocky Flats (Figure 4) 

EG&G is preparing isopach maps of alluvial deposits, as part of a sitewide geologic 
charactenzabon program Figure 5 presents a prelmnary isopach map that will be finahzed as 
part of this geologic charactenzation program 

Accordmg to Schwochow et al, (1974) the Rocky Hats alluvial fan and associated upland 
deposits represent a large untapped reserve of alluvial gravel Schwochow et al , depicted the 
en- areal extent of the Rocky Flats Alluvium Geologrc Deposit as a potenhal sand and gravel 
resource, designatrng it as alluvial fan gravel contammg significant fines, decomposed rock, and 
calcium carbonate 

The areal extent of the Rocky Flats alluvium is shown in Figure 3 As shown, the umt is widely 
exposed on the western pornon of the site and extends eastward in topographcally hgh areas of 
the site Figure 5 shows soil umts whch have formed on surficial geologic deposits In general, 
those soil umts whch are predomnantly denved from the Rocky Flats Alluvium are the Flahron 
and Nederland group and Valmont clay loam ' h s  map shows the locahon of IHHSs relahve 
to soils whch have developed on surficial geologc umts Thls map enables the reader to assess 
whch MHSs may be located on areas underlam by potenhally mmeable gravel deposits 

Figure 5 depicts the hckness of the Rocky Flats Alluvium and indicates that thicknesses of the 
deposit range up to 100 feet This area of -mum thlckness corresponds to the West Spray 
Field Thcknesses of the deposit at the actual plant site range from approximately 30 feet at the 
western side to approxlmately 10 feet on the eastern side 

In-place pemtted reserves of sand and gravel are esomated to be worth $1 50/ton ( M m n  Jones, 
V P ,  Western Aggregates, Inc) The economc viabdity of gravel rmning operahons is 
dependent upon the gradahon of the raw matenal, thxkness and contmuity of the deposit, and 
excavabihty and matenal handlrng charactenstics Fines removal by sorting and screening is 
typically performed where necessary to alter the gradation of the matenal However, the 
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presence of a large percentage of fine matenal results in additional processing costs whch could 
render pomons of alluvial deposit as uneconomcally rmnable matenal If it becomes necessary 
to refine the areal extent and potentially rmnable volume of alluvial gravel onsite, existrng sod 

bomg data could be evaluated rn an attempt to charactem areal and verbcal changes UI 
w o n  of the matenal 

In response to Colorado Revised Statute (CRS) 1973, 34-1-304 et seq (House blll 1529), 
Jefferson County developed a Mrneral Extracuon Policy Plan (Jefferson County, 1977) Th~s plan 
provides a senes of County goals and related policy guidelines for the extracbon of commercial 
sand, gravel, and quany agpgate 111 unrncorporated areas of the County The plan recognizes 
that Jefferson County has played an unportant local and regional role rn the supply of rmneral 
resources and will continue to do so in the future A senes of guidelrnes are provided in thls 

reference for defining areas of the County where rmneral extraction should be located to 
maxmze achevement of County goals Prelmnary review of these guidehnes confirms the 
avalabihty of gravel resources on and adjacent to Rocky Flats and rndicates that there is no 
express prohbiuon regardmg gravel rmmng at Rocky Flats 

3.0 RISK ASSESSMENT EXPOSURE SCENARIOS 

Thls section presents the exposure scenanos currently being evaluated for BRAS and recommends 
a DOE posibon on a regulatory request for consideration of an exposure scenano whch considers 
sand and gravel rmnrng at Rocky Flats 

3.1 Identification of Scenarios Currently Evaluated at Rocky Flats 

The BRA process in place at Rocky Flats includes the provision of nsk calculations for potenhal 
receptors under seven land use exposure scenanos These are 

Current offsite residentd, 
Current onsite commerciaUmdustnal, 
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0 Future onsite commercialhndustnal, 
0 Future onsite ecologcal reserve, 
0 Future onsite residenhal without groundwater ingeshon, 

Future onsite residential with groundwater mgesuon; 0 

0 Future onsite residenbal m the worst-case locahon 

3.2 Identification of the Proposed Mining Land Use Scenario 

In a recent letter to DOE, the Environmental Protection Agency (EPA) (1994) rased the 
following issue of the pemt applicmon by Western Aggregates, Inc to expand theu- mining 
operahons, "The real possibihty of rmtllng in the Rocky Flats buffer zone dictates the 
consideration of mning as a land use scenano in the baselme risk assessments currently 
underway Given h s  proposal, DOE should reconsider the range of IIkely future uses for the 
buffer zone An ecolog~cal preserve scenano may no longer be reasonable, at least in areas 
where mmeral nghts are not owned by DOE " A central theme in the clean-up strategy for the 
buffer zone operable units was the realization that the public may favor an ecological reserve 
land use over all others (smlar to the Rocky Mountan Arsenal) Thls clean-up strategy should 
be revlsited 

It is recommended that DOE considers an exposure scenano whch incorporates rmning as a 
viable land use scenano Whether ths calculation is made part of the formal remedial 
mvestigatiodfeasibdity study (RI/FS) process or not wdl be DOE'S decision 

4.0 CALCULATION OF CONTAMINANT INTAKES UNDER THE PROPOSED 
MINING LAND USE SCENARIO 

This sechon outlmes the selechon of parameters for calculatmg contarmnant intakes under the 
proposed sand and gravel mmng scenano The pathways whch make up the exposure scenmo 
for a hypothehcal m n g  receptor at some tune in the future are 

Ingeshon of soil d u g  excavation and/or processmg acbvibes, 
0 Inhalahon of fughve dust generated dunng excavation and/or processing achvihes, 
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I Intake 

cs Concentrahon of 
contarmnant m soil 

IR Ingestion Rate 
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Units Recommended parameter Value 

mg/kg/&y 
or pCi 

mg/mg or Averaged over the anhcipated 
pCdmg depth of excavation 

mg/day 100 mg/day (EPA, 1989), EPA 
default parameters for adults 

Inhalation of volatde organic compounds (VOCs) being volatrlized from subsurface soils 

Dermal absorphon of volatde organic compounds contamed in dust or soil, 
whle rmners are worlung in the excavation, 

Duect radiahon from radionuclides contamed in the sod 0 

Other pathways considered, but not recommended lnclude 

Ingeshon of groundwater (produchon well mstaUation IS not part of the pemt) 
Ingeshon of garden produce (culhvahon is not part of the perrmt) 
Inhalahon of organic chemcals volatrlized through the basement (Thelr are no m g h t  
structures) 

4.1 Soil Ingestion 

The equabon for mtake due to mgeshon of sod dunng excavahodprocessing is 

Cs x IR x EF x ED for ckmrcrrls I =  BW x AT 

I = Cs x IR x EF x ED for radwnucl&s 

Parameters and values for th~s q u a o n  are presented 111 Table 1 

Table 1 
Parameters and Values for Soil Ingestion 
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Parameter Descnpbon 

Exposure frequency 

Exposure d m o n  

body weight 

Averagmg time 

Units 

day sly ear 

days 

Recommended parameter Value 

250 dayslyear 

25 years @PA, 1989); EPA 
default parameter value for , 
commercialhdustnal workers 

~ 

70 kg @PA, 1989), EPA default 
parameter for adults 

25,550 days (70 years) for 
carcmogens and 9,125 days (25 
years) for noncarcinogens @PA, 
1989), EPA default parameters 

4.2 Inhalation of Fugitive Dust 

The equahon for the lntake due to inhalabon of fugbve dust dunng excavatiodprocessing is 

Ca x BR x EF x ED for chenrrcals I =  
BW X AT 

I = Ca x BR x EF x ED for radronucZ&s 

(3) 

(4) 

Parameters and values for this equation are presented in Table 2 

7 



I 

i I  

ED 

B W  

I 

Exposure duration 

body weight 

Mining Exposure Scenario for Baseline Risk Assessments at the Rocky Flats Environmental Technology Site 

Tab 
Parametem and Val1 

Parameter Descnpbon I Parameter 

Intake II 
contarmnant rn aw I 

Breathing rate I1 BR I 
Exposure frequency ll I 

Averagmg time I 1  

!e 2 
es for Fugitive Dust 

UNb 

mg/kg/day 
or pCi 

mg/m3 or 
Pcdm3 

m3/hour 

hourdyear 

Y- 

days 

I Recommended parameter Value 

I 

’ Concentration III air modeled 
using the concentration of sod 
averaged over the anhcipated 
depth of excavation 

0 83 m3/hour (EPA, 1989), EPA 
default parameters for adults 

3000 hour/year based on 12 
hour/day x 250 day/year 

25 years @PA, 1989), EPA 
default parameter value for 
commtrcidindustnal workers 

70 kg @PA, 1989), EPA default 
parameter for adults 

25,550 days (70 years) for 
carcinogens and 9,125 days (25 
years) for noncarcinogens @PA, 
1989), EPA default parameters 

4 3  Inhalation of Volatile Organic Compounds (VOCs) 

The equahon for intake due to inhalation of VOCs bemg volahlized from subsurface soils whle 
mmers are worlung 111 the excavahon is 

Cv x BR x EF x ED 
BW X AT 

I =  

Parameters and values for thls equation are presented UI Table 3 

Table 3 
Parameters and Values for Inhalation of VOCS 
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Parameter Parameter Descnpbon UtlitS Recommended parameter 
Value i Intake 1 mrzcy* 

Concentrabon of 
volatile orgamc 

compound m a u  

Breathing rate 

I . I  

m3/hour BR 

EF 

ED 

Exposure Erequency h0urdyea.r 

Exposure duration Years 

BW 

AT 

Concentrabon of VOCs m au 
modeled usmg subsurface 
sod concentrabon averaged 
over the anhcipated depth of 
excavation 

0 83 m3 hour @PA, 1989), 
EPA default parameters for 
adults 

3000 hodyear based on 12 
hour/day x 250 day/year 

25 years @PA, 1989), EPA 
default parameter value for 
commercidindustnal 

70 kg @PA, 1989), EPA 
default parameter for adults 

Averagmg time days 25,550 days (70 years) for 
carcmogens and 9,125 days 
(25 years) for noncarcinogens 
(EPA, 1989), EPA default 
parameters 

body weight kg 

II I I I workers 

* Uruts for radionuchdes are not included because RFETS radionuclides are not volat.de 
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I Chemcd-sDecific value 

4.4 Dermal absorption of VOCs in soil 

~~~~~ 

I ~~ 

l 25 years (EPA, 1989)’ EPA 
l default parameter value for 

250 dayslyear 

commerciallindustnal workers 
I 

The equauon for mtake due to dermal absorphon of VOCs xn soil is 

70 kg @PA, 1989), EPA default 

25,550 days (70 years) for 
carcmogens and 9,125 days (25 

’ years) for noncarcinogens @PA, 
1989). EPA default parameters 

’ parameter for adults 

(6) Cs x SA x AF x ABS x EF x ED I =  
I BW X AT 

$k 4% -4 L rp. &*k,* 4.Y,.%it -.&i .N:* ;$A* ~ 

I Parameters and values for ths  equmon are presented m Table 4 

ABS 
EF 
ED 

Table 4 
Parameters and Values for Dermal Absorption 

Absorption factor 

Exposure frequency 

Exposure duration 

Parameter 

AT 

Parameter DescnDhon 

Averagmg t&qe 

ConcentraQon of 
contarmnant in soil 

Units I Recommended Darameter Value 

over the anticipated depth of 
excavation 

SA Skm surface area 
avalable for contact 

m2/day 0 312m2/day (EPA, 1989), EPA 
default parameter for adults’ 
hands and arms 

AF Soil to skm adherence 
factor 

mglm2 I 1 mg/m2 @PA, 1992) 

BW body weight 

unitless 

day sly ear 

Years 

days 
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' Recommended Parameter 
i Value 

4.5 Direct Radiation Risk 

I 

Concentrahon 111 soil 

anbcipated depth of 
excavaQon 

1 1 x 10" yearhour 

250 dayslyear 

25 years @PA, 1989), 
EPA default parameter 
value for 
commencal/industnal 
workers 

11 hourdday - Productive 
hme at work 

1 hour/day - Time in 
lunch/break trader 

~ averaged over the 

I The equabon for dlrect radiation exposure to radionuchdes soil is 

DR = cs x CF x EF x ED [ET, x (1 - SH, ) + ET, x (1 - SH>] 0 

Parameter Descnption 

Direct radiabon exposure 

Concentrabon of 
contarmnant in soil 

Table 5 

Units 

pCi- year/g 

PCdg 

Parameter 

Convenson factor 

Exposure frequency 

Exposure duration 

DR 

hoursly ear 

day s/year 

Years 

cs 

Exposure hrne outdoors 

Exposure hme indoors 

CF 

EF 

ED 

hourslday 

hourdday 

SHo Outdoor shleldmg factor unitless 0 

SY 

iation 

Indoor shleldig factor umtless 0 5  
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